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Abstract Female gender, age above 60 years, and an
aneurysm larger than 5 mm or location on the posterior
circulation are associated with a higher rupture risk of
intracranial aneurysms. We hypothesized that this associ-
ation is explained by a higher susceptibility to (one of) the
eight trigger factors that were recently identified. We
included 250 patients with aneurysmal subarachnoid
hemorrhage. We calculated relative risks (RR) with 95%
confidence intervals (95% CI) of aneurysmal rupture for
trigger factors according to sex, age, site, and size of the
aneurysms by means of the case-crossover design. None of
the triggers except for physical exercise differed according
to patient and aneurysm characteristics. In the hour after
exposure to physical exercise: (1) patients over the age of
60 have a six-times-higher risk of rupture (RR 13; 95% CI
6.3-26) than those of 60 years of age and under (RR 2.3;
1.3-4.1); (2) aneurysms at the internal carotid artery have
a higher risk than those at other locations (RR 17; 7.8-37),
but this was only statistically significant when compared to
anterior communicating artery aneurysms (RR 3.2; 1.6-
6.1); (3) aneurysms 5 mm or smaller had a higher risk of
rupture (RR 9.5; 4.6-19) than larger aneurysms (RR 2.4;
1.3-4.3); and (4) women and men had similar risks. A
higher susceptibility to exercise might explain part of the
higher risk of rupture in older patients. Why women and
patients with aneurysms larger than 5 mm or posterior
circulation aneurysms have a higher risk of rupture remains
to be settled.
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Introduction
Three percent of the general population harbors an intra-
cranial aneurysm and the number of incidentally discov-
ered unruptured intracranial aneurysms is rising with the
increasing quality and availability of non-invasive imaging
techniques [1, 2]. Only a minority of aneurysms rupture,
but when this happens, it is usually a disabling or fatal
occurrence [3].
The precise pathophysiological mechanism of aneu-
rysmal rupture is not completely understood. It is
important to identify risk factors for aneurysmal rupture
in order to tailor treatment of intracranial aneurysms.
Female gender and an age above 60 years are factors
associated with an increased risk of rupture, as are an
aneurysm size of more than 5 mm and location of the
aneurysm on the posterior circulation [4]. However, the
reason why the risk of rupture is higher in females,
patients over 60 years of age, and patients with a large
aneurysm or one located at the posterior circulation, is
still poorly understood [4].
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We recently identified eight trigger factors for aneu-
rysmal rupture, namely coffee and cola consumption,
physical exercise, sneezing, straining for defecation, sexual
intercourse, anger, and being startled [5]. We hypothesized
that a different susceptibility to trigger factors could
explain the difference in risk of rupture between patients of
different sex and age and between aneurysms of different
sites and sizes. We therefore assessed the risk of aneurys-
mal rupture by eight confirmed trigger factors according to
sex and age of the patients and according to site and size of
the aneurysm.
Methods
Design and study population
The design of this study is described elsewhere [5]. In
short, we performed a case-crossover study among patients
who had been admitted to the Utrecht Stroke Center for
aneurysmal SAH. Aneurysmal SAH was defined as an
abrupt onset of severe headache or loss of consciousness,
with or without focal neurological signs, with subarachnoid
blood proven by neuro-imaging or lumbar puncture, and a
radiologically proven aneurysm. The study protocol was
approved by the Medico-Ethical Review Committee of our
hospital.
Procedures
The case-crossover design enables studying the effect of
transient exposure to potential trigger factors on the risk of
an acute event, such as subarachnoid hemorrhage (SAH),
by comparing exposure in a period shortly before the event
with the patient’s usual frequency of exposure [6]. In the
present study, we included as determinants only those
factors that were found to be trigger factors in our previous
case-crossover study [5]. For these triggers, we had col-
lected information on exposure in the past year, the usual
frequency of exposure, and the presence of exposure in the
‘‘hazard period’’, which we defined as the hour before
SAH, according to the estimated duration of effect of each
trigger.
For each patient, we collected data on sex and age, as
well as on site and size of the ruptured aneurysm for each
patient. Age was categorized as 60 years or younger or as
above 60 years, because in a previous review risk of rup-
ture increased above this age limit [4]. Site was categorized
as follows: anterior cerebral artery, anterior communicating
artery, and pericallosal artery combined (ACA), internal
carotid artery, posterior communicating artery, ophthalmic
artery, and anterior choroidal artery combined (ICA),
middle cerebral artery (MCA), and vertebrobasilar arteries
(VBA). In addition, we also combined the ACA, ICA, and
MCA into an anterior circulation (ANT) group. Sizes were
categorized as B5 mm, 5.1-10 mm and [10 mm based
on the largest diameter of the aneurysm.
Data analysis
With the case-crossover design, exposure to potential trigger
factors in the hour before onset of SAH (hazard period) was
compared with the usual frequency over the year before the
SAH and was expressed as relative risk (RR) with corre-
sponding 95% confidence intervals (CI) [7].
This analysis was done for men and women, patients
over 60 years, and those of 60 years of age and under, and
also for each site- and size-category. RRs with 95% CIs of
different age-, gender-, site-, and size-categories were
compared between categories to assess whether they
overlapped. We also performed analyses with site- and
size-categories combined.
Results
We included 250 patients (62 men and 188 women) with
aneurysmal SAH. The mean age was 54.7 years
(55.7 years for men, 54.3 years for women). Nineteen men
and 63 women were over 60 years old.
Of the 250 ruptured aneurysms 150 (60.0%) wer-
e [5 mm and 24 (9.6%) were [10 mm. Aneurysms were
located in the ACA in 41.6%, MCA 20.0%, ICA 28.0% and
in the VBA in 10.4% (Table 1).
Sex
Data on trigger factors according to sex are given in
Table 2. We found no statistically significant difference
between men and women for any of the trigger factors.
Table 1 Site and size of 250 ruptured aneurysms in 250 included
patients
Location Size





ACA anterior communicating artery, anterior cerebral artery, and
pericallosal artery combined, ICA internal carotid artery, posterior
communicating artery, ophthalmic artery, and anterior choroidal
artery combined, MCA middle cerebral artery, VBA vertebrobasilar
arteries
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Age
Data on trigger factors according to age are given in
Table 2. Patients above 60 years have a significantly
higher risk of rupture after physical exercise than patients
of 60 years or younger. A similar pattern was observed
after stratification for usual frequency of exercise into \3
vs. C3 times per week. For all other trigger factors, there
was no statistically significant difference.
Site
For all trigger factors, the RR was not statistically different
between site categories, except for physical exercise
(Table 3). The risk of rupture after exposure to physical
exercise was higher for aneurysms located on the ICA
compared to those on the ACA, but not with those on the
MCA. None of the ruptures of ICA aneurysms were trig-
gered by being startled and none of the VBA aneurysms
were triggered by physical exercise or anger. When relative
risks of ANT aneurysms were compared to the VBA
aneurysms 95% CI overlapped for all trigger factors.
Size
Initially, sizes were categorized as B5 mm, 5.1-10 mm,
and [10 mm based on the largest diameter of the aneu-
rysm. However, due to the small number of aneu-
rysms [10 mm in our study, the 95% CI overlapped with
the other categories (data not shown). Therefore, we
dichotomized size as B5 mm and [5 mm.
The risk of rupture in the hour after physical exercise
was higher for aneurysms B5 mm compared to aneu-
rysms [5 mm. For all other trigger factors, the risk of
Table 2 Relative risks for eight trigger factors according to sex and age
Trigger factor Sex Age
Men (n = 62) Women (n = 188) B60 years (n = 168) [60 years (n = 82)
Coffee 2.2 (1.3-3.8) 2.7 (1.9-3.9) 2.5 (1.7-3.6) 2.6 (1.5-4.5)
Cola 3.6 (0.9-13.9) 5.5 (2.3-13) 4.7 (2.2-10) 6.0 (0.9-40)
Nose blowing 2.1 (0.6-7.1) 4.1 (2.3-7.5) 3.4 (1.8-6.4) 3.5 (1.3-9.7)
Straining for defecation 7.4 (1.8-30) 15.3 (6.1-39) 8.9 (3.3-24) 23 (6.7-79)
Being startled NP 40 (10-165) 41 (6.1-276) 28 (3.9-194)
Anger 14 (3.5-56) 22 (6.6-76) 20 (7.2-56) 13 (1.8-103)
Sexual intercourse 28 (11-71) 10 (3.9-25) 17 (8.7-34) 7.7 (1.03-56)
Physical exercise 1.9 (0.9-4.2) 6.2 (3.6-11) 2.3 (1.3-4.1) 13 (6.3-26)
Values are RR (95% CI)
RR Relative risks and corresponding 95% confidence intervals, NP No patients in this category, therefore no RR could be calculated, Exercise
vigorous to extreme physical exercise (MET [6)
Table 3 Relative risks for trigger factors according to aneurysm site
Trigger factor Site-ruptured aneurysm
ACA (n = 104) ICA (n = 70) MCA (n = 50) ANT (n = 224) VBA (n = 26)
Coffee 2.7 (1.7-4.2) 3.9 (2.0-7.6) 1.7 (0.9-3.3) 2.6 (1.9-3.6) 1.9 (0.8-4.5)
Cola 19 (4.9-72) 2.1 (0.3-14) 3.5 (0.9-14) 5.7 (2.6-12.6) 2.0 (0.3-13.2)
Nose blowing 2.3 (0.9-5.8) 6.6 (2.2-18) 6.2 (2.2-18) 3.8 (2.2-6.9) 1.9 (0.4-8.5)
Straining for defecation 13 (4.6-39) 6.5 (0.8-54) 8.6 (0.9-87) 11 (4.5-26) 23 (5.3-98)
Being startled 40 (1.5-1098) NP 46 (6.3-339) 29 (5.0-173) 57 (8.1-406)
Anger 20 (4.8-88) 38 (7.2-196) 7.9 (1.2-53) 20 (7.8-48) NP
Sexual intercourse 20 (7.5-52) 11 (2.5-48) 4.7 (0.7-34) 12 (5.9-25) 47 (11-203)
Exercise 3.2 (1.6-6.1) 17 (7.8-37) 3.2 (0.8-12.8) 5.1 (3.3-8.1) NP
Values are RR (95% CI)
RR Relative risks and corresponding 95% confidence intervals, ACA anterior communicating artery, anterior cerebral artery, and pericallosal
artery combined, ICA internal carotid artery, posterior communicating artery, ophthalmic artery, and anterior choroidal artery combined, MCA
middle cerebral artery, ANT Anterior circulation (combining ACA, MCA and ICA), VBA vertebrobasilar arteries, NP No patients in this category,
therefore no RR could be calculated, Exercise vigorous to extreme physical exercise (MET [6)
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rupture did not statistically significantly differ between size
categories (Table 4). We did an additional analysis for
ACA aneurysms of B5 mm and [5 mm, since ACA was
the most common site of aneurysms. The RR of ACA
aneurysms B5 mm was 17 (7.2-39), but 0.5 (0.1-2.9) for
ACA aneurysms [5 mm.
Discussion
We found that patients over the age of 60 have a higher risk
of aneurysmal rupture in the hour after exposure to phys-
ical exercise than patients under the age of 60. No differ-
ence in trigger factors was found between women and men.
We also did not find an increased susceptibility for trigger
factors for aneurysms located at the posterior circulation or
for aneurysms [5 mm in size. In contrast, our results
suggest a higher risk of rupture for aneurysms B5 mm
after exposure to physical exercise, in particular when
located at the ACA.
A review on risk factors for rupture of intracranial
aneurysms showed a higher risk for women and patients
above the age of 60 [4]. We found a higher risk of rupture
after physical exercise for patients above 60, which may
partly explain the higher rupture rate in older patients.
When interpreting the risk increase of exercise among the
elderly, one should realize nevertheless that they exercise
less frequently than younger persons. There are few studies
on cerebrovascular response to exercise in elderly people
[8–10]. One of these studies reported a delay in cerebral
autoregulation in older persons compared to younger per-
sons [9, 10]. Since exercise causes a rise in systemic blood
pressure, a delayed cerebral autoregulation may lead to an
initial short-lasting increase in mean cerebral blood flow
velocity. However, not all studies agree on differences in
cerebral autoregulation between younger and older persons
[8, 9], therefore our hypothesis remains a speculative one.
The risk of rupture of ICA aneurysms after exposure to
vigorous physical exercise seems higher compared to that
of ACA aneurysms. Possibly, the arterial blood pressure is
transmitted more directly to the most proximal cerebral
vessels, such as the ICA and BA, which in turn may lead to
a higher rupture rate for aneurysms at the ICA and BA.
However, no data are available comparing blood flow in
different cerebral vessels during exercise.
We found a higher risk of rupture after exposure to
physical exercise for aneurysms sized B5 mm compared to
aneurysms [5 mm, which was mainly due to a very high
risk for small ACA aneurysms. Others have already sug-
gested that ACA aneurysms might be unstable and rupture
at a small size, while those that reach a larger size are a
selection of more stable aneurysms [11, 12]. Our findings
support this theory and may partly explain the high number
of small ACA aneurysms in SAH studies, while ACA
aneurysms are less prevalent in studies on unruptured
aneurysms [4]. However, since our analysis on size and site
combined was an additional analysis on a smaller group of
aneurysms, this may also be a chance finding. Only two
earlier reports have been published on trigger factors for
SAH, but they did not differentiate according to site and
size [13, 14]. Hence, we cannot further compare our results
with those in the literature.
The present study includes information on trigger fac-
tors from 250 patients, which may be considered as a
strong point given the severity of the illness. The use of the
case-crossover design (no control selection bias) and the
inclusion of patient-derived data only (increasing reliability
and completeness of data) are other strengths of our study.
However, the present study also has some limitations. Of
the 250 included patients, only 10% had an aneurysm in the
VBA, which makes it difficult (and for anger and physical
exercise even impossible) to compare rupture risks with
other sites. Another limitation is that multiple testing and
subgroup analyses on smaller numbers of aneurysms may
have led to chance findings.
If our data on higher susceptibility to physical exercise
as a trigger factor for older patients and patients with small
ACA aneurysms are confirmed by others, the next step
would be to further study the hemodynamics in intracranial
vessels after exercise in these subgroups. Furthermore,
trigger factors should be studied in Finnish and Japanese
patients, since aneurysms in these populations have a
higher risk of rupture [4]. This might reveal a different
susceptibility to trigger factors per site and size and could
even yield new trigger factors. The higher rupture rates in
women and the predisposition for rupture of aneu-
rysms [5 mm and aneurysms located at the posterior
Table 4 Relative risks for trigger factors according to aneurysm size
Trigger factor Aneurysm size
B5 mm (n = 100) [5 mm (n = 150)
Coffee 2.2 (1.3-3.9) 2.7 (1.9-4.0)
Cola 9.8 (2.4-41) 3.7 (1.6-8.8)
Nose blowing 3.6 (1.4-9.0) 3.4 (1.8-6.5)
Straining for defecation 20 (7.5-52) 5.4 (1.3-22)
Being startled 59 (7.3-479) 20 (2.8-139)
Anger 9.0 (1.3-63) 23.8 (8.3-69)
Sexual intercourse 15 (5.0-45) 15.7 (7.1-35)
Exercise 9.5 (4.6-19) 2.4 (1.3-4.3)
Values are RR (95% CI)
Small, aneurysms size B5 mm; Large, aneurysm size [5 mm
RR Relative risks and corresponding 95% confidence intervals,
Exercise vigorous to extreme physical exercise (MET [6)
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circulation can so far not be explained by a difference in
susceptibility to trigger factors and remain to be unraveled.
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